from the adjacent site boundaries. Shape controls also affect the maximum FAR of lots, but the effect of their application depends on a number of factors, including the shapes of the lots and the width of the front road. A brief introduction to zoning FAR and shape controls is given in appendix A.
Unfortunately, because some serious problems occur in practice, there is strong argument over whether there are solid justifications for the limits on which zoning FAR and shape controls are based. For example, because of the shape controls on individual lots, the FAR that applies to entire urban areas is much lower than the zoning FAR; for example, the floor space used in the twenty-three wards of Tokyo is only 52.5% of the floor space allowable according to the zoning (National Land Agency, 1999) . Another example of problems is that, in built-up residential areas, the refurbishment of many existing illegal buildings is difficult as these buildings are unlikely to be allowed the necessary floor space within the limits of zoning FAR and shape controls.
In many studies current land-use restrictions in residential areas have been evaluated in a search for ways of improving the system. For example, Harashina et al (1990) investigated the relationship between zoning FAR and residents' degree of satisfaction with their living environments. They found that residents in strictly regulated areas were more satisfied, and that residents' evaluations in low-rise residential zones varied less than those in other zones. Machida et al (1990) conducted a survey in areas where the FAR and building coverage ratio (BCR) (2) designated by zoning were being raised, and analyzed residents' attitudes towards additional floor space being allowed and the landscape changes. They found that only those households with floor areas of less than 120 m 2 were, in general, pleased with the change. Takamizawa and Fujiwara (1990) and Muraoka et al (1994) examined the actual FAR in urban areas. They argued that relaxing restrictions on FAR would not necessarily improve the efficiency of land use, as the additional FAR allowed might not be used. Nakanishi et al (1994) showed that the impact of shape controls on maximum floor space and the amount of sunshine received by lots varied greatly between lots. They recommended controlling the layout of buildings in blocks, instead of adopting shape controls. Katsumata (2004) was interested in the redevelopment of built-up areas. He demonstrated the usefulness of raising zoning FAR from 100%, and of relaxing shadow restrictions or height limits where zoning FAR is 200% in order to provide enough dwelling space in small lots. Although the proposals raised by these studies may improve certain aspects of the current land-use control system, it is not clear whether they are appropriate from a wider perspective as the potential social effects of these proposals have seldom been considered. To solve this problem, it is necessary to conduct analyses from an economic perspective, and hence reveal quantitatively the effects of improved regulations and provide appropriate standards for land-use controls.
Recently, there has been a growing body of literature analyzing the economic impacts of land-use regulation (see, for example, Brueckner, 2000; Cheshire and Sheppard, 2002; 2004; Christopher and Somerville, 2000; Evans, 1999; Glaeser and Gyourko, 2003; Nechyba and Walsh, 2004; Phillips and Goodstain, 2002; Thorsnes, 2000) . Unfortunately, little of this work has examined the situations in Japan. Because the Japanese land-use control system is unique, in that the floor area ratio of lots is used as an overall control, there is a need for analysis of this particular kind of regulation system.
(2) Building coverage ratio means the ratio of building coverage areas to land area; it is a measure of building density.
As mentioned above, in the Japanese literature the effectiveness of the current regulation system has been extensively discussed from perspectives of physical space and planning administration, but few authors have considered the economic impacts. To some extent, technical difficulties in collecting data account for this situation. In particular, it is hard to grasp the actual effect of land-use restrictions because of the complexity of the regulation system and the absence of accurate data for every land lot (Gao and Asami, 2005) . So far, some studies have included the zoning FAR or the actual FAR of lots as a potential determinant of land prices in hedonic analyses, but these have contributed little to discussions on land-use restrictions because neither the zoning FAR nor the actual FAR correspond to the maximum allowable FAR of lots (hereinafter called the`effective FAR'). In this paper, we have overcome the difficulty of data collection found in existing studies and attempt to evaluate the economic effects of the effective FAR of lots on land prices and, thereby, to investigate the efficiency of the current land-use restrictions.
2 Estimating the value of the effective FAR The hedonic regression method has been widely used for assessing zoning and land-use regulations. It has been used for estimating the problems due to nonconforming land use, analyzing the attitudes of different classes of families toward zoning, exploring the spillover effect of zoning on surrounding areas, identifying local variations in land-use regulation, estimating the impact of FAR restrictions on land development, and the long-term policy impact of constraining space consumption (see, for example, Cheshire and Sheppard, 2004; Evenson and Wheaton, 2003; Fischel, 1990; Fu and Somerville, 2001; Glaeser and Gyourko, 2003; McMillen, 1989; McMillen and McDonald, 1993; Pogodzinski and Sass, 1991; Pollakowski and Wachter, 1990; Speyer, 1989) . In this analysis we adopted this approach to identify the impact of zoning FAR and shape controls on residential land lots.
Sample and data
One problem with the analysis is the selection of the sample. As While (1988) stated, zoning may increase the market price of a house if it permits the house to be converted to another use which generates a higher value; however, the conversion may not occur until some time in the future, in which case the impact of the zoning on the current value is small. Similarly for buildings, it is difficult to identify the value of effective FAR because the existing buildings may not fully utilize the available space. Thus, for this analysis, only vacant lots were sampled.
The sample was drawn from the October 1996 to September 1997 issues of the magazine Weekly Housing Information, which provides information on the sale of land and houses. (3) We confined our sample to transacted vacant lots in western Tokyo. In addition, we limited our sample to include only the land-use zones used mainly for residential purposes, including low-rise residential zones, medium^high-rise residential zones, and residential zones.
A total of 961 properties were chosen for the study. These were then located on 1 : 2000 residential maps (produced by Zenrin Co., Japan): 330 sample lots were successfully plotted. Figure 1 (over) is a map of Tokyo, on which the wards containing the sample lots are shaded. It takes 7 to 34 minutes to travel by train from the sample lots to the Yamanote train line, which surrounds the central city area. Because the (3) Weekly Housing Information is published by Recruit Co., Japanöone of the largest housinginformation companies in Japan. Each monthly issue includes more than 10 000 detached houses and land for sale. maximum size of the sample lots is 423.15 m 2 , we considered that they were mostly for detached houses.
The Weekly Housing Information database provided the final list prices (4) and basic information concerning the lots, including: the location; walk time to the nearest railway station; size and frontage of the lots; and the width and direction of the front roads. It also provided information on planning restrictions, including land-use zones to which the lots belong, zoning FAR, and zoning BCR.
A detailed site survey was carried out to gather additional data, looking particularly at the immediate environment of the lots and the surrounding areas, as it was assumed that these factors might significantly affect the price of lots. The collected data also include the landform characteristics of the lots, setback of buildings along the streets; the vegetation on the walls; noise and vibration from traffic and neighboring factories; proximity of the lots to parks, communal parking space, industrial-use or agricultural-use land; presence of obnoxious facilities in the neighborhoods; the abundance of trees; proportion of multipurpose land; and the quality and height of buildings in the neighborhoods; distance to large parks from the lots. In addition, demographic and land-use data relating to the`superblock' (known in Japanese as chome, which forms the basic unit of the census) were added to the database. A detailed description of these data is given in appendix B.
To capture the impact of shape controls, the shape data of the sample lots are required. Accurate shape data of lots, which were difficult to acquire from residential maps and other sources such as public land registration data, were estimated with the method proposed by Gao and Asami (2005) . First, the vertices of lots were tentatively determined from the positions of buildings and other reference points on residential maps; then these were adjusted with known information such as the (4) We assumed that these final list prices were close to the prices achieved at sale. size of the lots and the frontage of the lots. Among the 330 sample lots, the shape data estimates for 273 lots were satisfactory. Hence, only these 273 sample lots, for which we had a complete set of data were used in the analysis. From the shape of the sample lots, we calculated the maximum floor space allowed by the shape controls with the aid of software developed by A&A Co. Ltd. of Japan, and then calculated the ratio of this floor space to the lot size. Because only the shape-control restrictions were considered in this process, this ratio was termed the`shape FAR'. As the FAR designated by zoning (the zoning FAR) was given in the transaction database, the smaller of these two FARs was treated as the`effective FAR' for each lot. We then converted the effective FAR to a discrete variable by eliminating proportions of less than 10%, and defined this as the nominal variable`UPFAR'. Indicators for each level of UPFAR and combinations of them were constructed and used in the regression analysis.
The hedonic regression model
To find an appropriate form for the hedonic regression model, various specifications, shown in table 1, were tested. Model 1 is a linear function for the total price of lots (P) with independent variables (x). Model 2 is a linear function that regresses P on x and the product of x and lot size, S. Model 3 is a linear function for the unit price (P divided by S, or P unit ). Model 4 is a linear function that regresses the unit price on x and xaS. Model 5 is a semilog linear function for ln P unit . Models 2 and 4 incorporate cross-product terms in x and S (or 1aS ) because the effect of some independent variables may differ with lot size (Gao and Asami, 2001 ). All models were estimated by using an incremental stepwise method.
Some of the raw data were transformed. For example, because the variable w 2 (the width of the second-widest road) is discontinuous (because w 2 0 when lots face only one road, and w 2 b 2 m when lots face two roads), w H 2 is defined as follows: when w 2`2 m, w H 2 0, otherwise w H 2 ln (w 2 À 1). (5) Such transformations improved the overall fit of the models tested. Table 1 shows comparisons of the tested models. Although the coefficients of determination (R 2 ) for models 1 and 2, in which the dependent variable is the total land price of lots (P ), are higher than those of the other models, P is not normally distributed. This implies that models for P unit and ln P unit are more appropriate. Furthermore, the values of the Akaike information criterion (AIC) suggest that model 4 is the best of these five models.
(5) According to the Building Standard Law, the minimum width of a road should be 2 m. A Box^Cox transformation was then used on the dependent variable of model 4 to produce a better model called model 6. The independent variables included in this model are those of model 4. Model 6 is of the form:
where x i (i 1, _ , k) are independent variables, S is lot size, a i and b i are the parameters to be estimated, I is the intercept, and e is an error term. The dependent variable is defined as
with a 0X4 giving the best-fitting model. In addition to R 2 and AIC, the models were compared on the basis of crossvalidation tests. For each observed lot, the estimated model was used to predict prices in the remainder of the sample and the prediction errors for the sampled lots were aggregated. For comparison, all prediction errors relating to P, ln P unit , and P H unit were converted to errors for P unit (table 1). The cross-validation tests suggest that model 6 performs best. For this model, the average prediction error is AE0X058 million yen per m 2 , and the average errors are 10.1% of the observed unit prices.
In addition, the stability of the estimates of model 6 was tested. Because this model includes cross-product terms and categorical terms generated from UPFAR, collinearity was suspected. This was confirmed by the condition index of this model being 35.31. (6) To test the stability of the estimates in the presence of collinearity, the method proposed by Pelzer et al (2004) was used. Regressions were run 100 times, and each time a random perturbation was introduced to independent variables that were highly correlated with others. This yielded a sample of each estimated parameter. The means and standard deviations were compared with the regression coefficients of model 6. It was found that the differences were small and tolerable. Therefore, the estimates from model 6 were stable. Table 2 reports the estimates from model 6. This model explains 74.2% of the variation in P H unit and includes twenty-four independent variables. Because P H unit is an increasing function of P unit , the qualitative effects of the significant variables can be inferred from their signs. As expected, the prices of land lots are significantly influenced by their location, indicated by the associated railway lines, opportunities to choose from several railway lines (STATION LARGE), and the time to the nearest railway station (STATION).
Many environmental attributes concerning neighborhoods and lots are significant. Land prices are lower when lots are adjacent to obnoxious facilities such as cemeteries, water-treatment or waste-treatment facilities (indicated by OBNOXIOUS); when the population density of blocks is higher (indicated by CHOME POPDEN); and when there is much vacant land in blocks (indicated by CHOME BCR 4 40). Land prices are significantly higher when the neighborhood includes only residential buildings (indicated by RESIDENTIAL/S); when most buildings exceed four stories (indicated by MORE THAN 4 STORIES/S); and when the walls along the streets have abundant greenery (indicated by GREENERY). In addition, the following have a positive effect on land prices: larger frontages (FRONTAGE1); wider roads [ln (w 1 ]; and the presence of a second road boundary [ln (w 2 À 1)]; but irregular lot shape (FLAG) has a (6) Models with a condition index of more than 30 are usually thought to have some problems of collinearity.
negative effect. The significant variables also include DEVELOPER/S, which suggests that the prerequisite of having to use a developer increases the price. This reflects confidence among real-estate agencies that properties could be sold even if such conditions were attached. In practice, even if a developer is already designated, residents can still plan their houses freely. Furthermore, lot size (S), and the CUL-DE-SAC dummy variable are also significant.
In addition to the location and environmental factors, five variables relating to land-use regulations are significant. The coefficients of MEDIUM^HIGH ZONE/S and RESIDENTIAL ZONE indicate that properties within the medium^high-rise residential zones and residential zones are cheaper than the properties in the low-rise residential zones. Furthermore, three categorical variables relating to the effective FAR were significant: UPFAR1, UPFAR2, and UPFAR3. The effects of these variables suggest that land prices depend significantly on the effective FAR.
Hedonic prices
Given the influence of the twenty-four variables on P H unit shown in table 2, the marginal effect of each on the unit price of lots, that is, the hedonic price, was estimated while evaluating the other variables at their means. Table 3 reports the results. Here, for continuous variables, means were used to compute the hedonic prices. For dummy variables, the unit prices at x 1 and at x 0 were estimated, and these were used to determine the hedonic price of x. In table 2, the effects on the unit price of variables that are in the form of xaS depend on lot size. When x and xaS both appear in the model, as is the case with CUL-DE-SAC and CUL-DE-SAC/S, the effect of x on the unit price can be explained by a linear function of lot size. Essentially, the hedonic price of x can be interpreted as the effect of x on the unit price of lots, and the hedonic price of xaS can be considered to be the effect of x on the total price.
The signs of the hedonic prices of the location variables and environmental attributes are as expected. Intepretations have been omitted here to allow space for analyzing the variables grouped under`land-use restrictions' in table 3.
The hedonic prices of these variables revealed that, compared with the lots in lowrise residential zones, the lots in medium^high-rise residential zones are 4.36 million yen cheaper in total price, and that the unit price of the lots in residential zones is 0.0547 million yen per m 2 lower. The difference between medium^high-rise residential zones and residential zones is not as large. When lots exceed 80 m 2 ( 4X36a0.0547 m 2 ), which most do, people are willing to pay more for medium^high-rise zone properties than for residential-zone properties. The results can be explained by the intensity of land-use controls. In principle, controls on the usage and the development capacity of land within low-rise residential zones are the strictest, followed by those for medium^high-rise residential zones, and those for the residential zones are least strict. Thus, the results of the hedonic analysis reveal that people prefer conformity in land use and prefer low-rise housing areas.
The maximum and minimum UPFAR of the sample lots were 60% and 270%, respectively. Because UPFAR1, UPFAR2, and UPFAR3 were selected by stepwise regression from all indicators of UPFAR and combinations of them, the dividing linesö110%, 170%, and 220%öcan be interpreted as optimal thresholds for UPFAR.
The hedonic prices at each level of UPFAR were computed by consolidating the estimates of UPFAR1, UPFAR2, and UPFAR3. The results are shown in table 3. Relative to unit prices with UPFAR of between 110% and 160%, unit prices with UPFAR of below 100% and of between 170% and 210% are 0.031 million yen per m 2 lower. The unit prices of lots with UPFAR 5 220% are clearly higher than others. It is likely that these properties are highly valued because here buildings can be used commercially. Nonetheless, because only three lots in the sample have UPFAR in excess of 220% this result should be treated with caution. Therefore, we limit our discussions to UPFAR of less than 220%.
3 Interpreting the effect of FAR In residential areas, one of the main purposes of land-use restrictions is to protect the environments of urban areas. In areas with low-zoning FAR most buildings are detached houses, and because little mixed land use is permitted by zoning environments are likely to be protected. But, if the allowable floor space is excessively restricted, households may be disadvantaged. On the other hand, if the limits on FAR are lax, landowners have more freedom to decide how to develop and how much floor space to provide: consequently, the buildings in such an area are more likely to be more varied, with differences in height and capacity, and thus the environment may lack order and coherence.
We suggest that the results of our analysis relating to UPFAR are explained by the offsetting effects described above. That is, (1) the floor space allowed to be built is restricted for lots up UPFAR of between 60% and 100%; and (2) the environments in areas with UPFAR of between 170% and 210% are worse than the other areas. In what follows, these two hypotheses are examined by the use of data on the sampled lots.
Effects on development capacity
When we exclude the three lots with UPFAR of more than 220%, there are 270 lots in the sample. For the investigation, we divided these into three groups: those with UPFAR of between 60% and 100%; those with UPFAR of between 110% and 160%; and those with UPFAR of between 170% and 210%.
The average lot size of each group is shown in table 4. The average for the 110%1 60% group is the smallest (112 m 2 ), which is significantly smaller than the averages of the other groups (t À3X33). The average of the 170%^210% group is slightly larger than the other groups, at about 151 m 2 . The average of the 60%^100% group is 140 m 2 , which is significantly larger than the average of the other groups (122 m 2 ).
The allowable floor space (lot size 6 UPFAR) of the lots in the three groups is given in table 5. The group with UPFAR of 60%^100% has an average of 133 m 2 , which is about two-thirds of the average floor areas of other groups (190 m 2 ). Average floor space gradually increases with UPFAR: that of the 110%^160% group is 155 m 2 , and that of the 170%^210% group is 289 m 2 .
According to a census of newly built detached houses for year 2000, the average floor area of private detached houses in Tokyo is 127 m 2 and that in Japan as a whole is 134 m 2 . In the five-year Plan of Housing Construction, the target standard for a detached house for a typical five-member family is 141 m 2 . Compared with these standards, the average allowable floor space of the 60%^100% group, 133 m 2 , is somewhat small. Tables 4 and 5 clarify that the lots in the 60%^100% group are significantly larger than the other lots (and, hence, the costs of land are higher). However, in such lots the floor space provided is significantly smaller, and their allowable floor space is quite limited. This explains why land prices are low when UPFAR is low. (7) 3.2 Effects on local environments
To examine the environments of the sample areas with respect to effective FAR (UPFAR), the landscapes of the areas surrounding the sample lots were evaluated through a survey following the method described by Arai (2001) . (8) In the survey, investigators evaluated eleven aspects of the landscape of each neighborhood (table 6) , and the grade for the neighborhood was obtained by summing these scores.
The scores for the sampled lots at each UPFAR level were averaged and are plotted against UPFAR in figure 2. This graph reveals that the grade for the landscape in areas with lower FAR is high, and that as UPFAR increases the evaluations tend to decline. This suggests that the assumption that local environments are protected by strict landuse regulations is reasonable. Furthermore, evaluations in the 150%^250% range fluctuated widely, and at some levels evaluations were negative. This reflects the fact that development control was lax in less restricted areas.
To look at development capacity, the 270 sample lots were divided into three groups according to UPFAR, and the environment evaluations of the three groups and of the separate subsamples were examined (table 7) . On average, these evaluations decline as UPFAR increases, which confirms the trend illustrated in figure 2. In addition, there are significant differences between samples.
The average score for the 170%^210% group (À0X50) is considerably lower than that of the other groups (2.68). This may explain why the unit price of lots with UPFAR of between 170% and 210% is lower than those of other lots.
The above analysis supports the assumptions made about effective FAR well. In practice, people do not trade off evaluations of floor space and the local environment equally (Asami and Ito, 2001, page 195) . When floor space is strictly limited, people value floor area more than the environment. Thus, people living in attractive environments may still be dissatisfied if their conditions are cramped. In contrast, when the floor area of a lot is sufficiently large, people tend to place more emphasis on the environment. For this reason, the hedonic prices of the effective FAR seem reasonable.
(7) In urban areas of Japan, the cost of land is quite large with respect to the construction cost of building. (8) The areas within 25 m of the sample lots were evaluated. 4 Efficiency of current land-use restrictions The effective FAR used in the hedonic analysis is the lower of zoning FAR and shape FAR. To assess the effects of the FAR prescribed by zoning and that prescribed by shape controls (zoning FAR and shape FAR, respectively), we examined the ratio between them. For each sampled lot, this ratio was computed and the average ratio at each level of UPFAR was calculated; the results are shown in figure 3 (see over) . If the ratio of zoning FAR to shape FAR falls above the reference line, which represents parity, zoning FAR exceeds shape FAR, in which case shape FAR is the more effective constraint. In such a case, zoning FAR has no effect on the land use of the lots. If the ratio is below parity, zoning FAR is lower, in which case, the FAR designated by zoning effectively dictates the land use of the lots. Figure 3 shows that, in the 60%^100% range, the sampled lots are affected more by zoning FAR than by shape controls. This implies that the unit price has been held down because the zoning FAR of these areas is low. Therefore, the unit price would be expected to increase if the FAR levels designated by zoning were relaxed. This finding contributes empirically to discussions on the appropriate levels of FAR in zoning. Although the welfare effects of policies need further elaboration, for example, the different impact of growth controls on landowners and on tenantsöinvestigated by Brueckner (1990; 1995) and Brueckner and Lai (1996) öand the possibility that Evaluating land-use restrictions concerning the FAR of lotsrelaxing FAR may prompt the subdivision of large lots, it may be concluded that where the lots are generally small the negative effects of tight FAR regulations may offset the positive effects on the environment as a whole. Therefore, levels of zoning FAR should be consistent with the actual conditions in urban areas. Empirically identified values of UPFAR such as 60%^100% could be considered guidelines for use when an adjustment of zoning FAR controls is made. Figure 3 also shows that sampled lots with UPFAR of between 110% and 160% are primarily restricted by shape FAR. This suggests that shape controls are functioning well in such areas.
Zoning FAR had little effect on many lots with UPFAR of between 170% and 210%: in practice, most of these lots are associated with a zoning FAR of 200% or 300%; the urban forms of these areas are miscellaneous. Typically, urban areas can be divided into areas of high-class detached housing with FAR of less than 50%; areas of ordinary two-story or three-story detached housing with FAR of about 100%; built-up areas of low-rise housing with FAR of between 150% and 200%; areas of middle-rise dwellings with FAR of between 200% and 300%; areas of high-rise residential developments with FAR of about 300%; and areas of commercial and office buildings with FAR of about 200% and above. Because the zoning system does not impose strict controls on the use of land, areas in which FAR is designated to be 200% or 300% can differ greatly in appearance. From this perspective, the land-use restrictions in these areas seem to lack a clear vision of the type of urban areas to be built. To improve this situation, additional restrictions on multipurpose land use and building variations might be considered in the future. Strategically reducing the current zoning FAR level could be another choice to be considered, but it is less feasible because it may cause changes in market value of existing buildings, and the compensation to owners would be complicated.
Conclusion
In this paper we have empirically evaluated land-use restrictionsöin particular, zoning floor area ratio (FAR) and shape controlsöin the Japanese city planning system. Our hedonic regression analysis revealed that, even when location, environmental attributes, and the effects of land-use zones were considered, land prices for lots with an effective FAR of between 60% and 100%, or between 170% and 210%, were significantly lower than those for lots with an effective FAR of between 110% and 160%. The results are reasonable from the perspectives of developable floor space and local environments. The results have many implications for the current system of land-use regulation. First, they identify the threshold values in FAR controls that affect the price of land. This is of critical importance for the current system, which lacks solid justifications. Moreover, the analysis provides insights for improvements to the regulation system. It shows the rationality of adjusting the current zoning FAR levels in urban residential areas, with zoning FAR being reduced where land lots are too small. Based on our analysis, we also suggest that additional restrictions should be adopted on the`multipurpose' land and building variations in residential areas with zoning FAR levels of 200% or higher.
Because of the small number of lots sampled, these results cannot be generalized to all other areas. However, they confirm the results of previous studies, and this suggests that the methodology and its implications are useful in a general sense.
